Successful pregnancy is regulated by several soluble factors that are differentially expressed throughout gestation. These factors are important to initiate and establish embryo implantation and parturition. Senescent cells, which undergo permanent cell proliferation arrest in response to stress, also produce several secreted factors, referred to as the senescence-associated secretory phenotype (SASP). Here, we review some of the secreted factors found during early and late pregnancy and compare their expression profile with those of the SASP. Because senescent cells are found in the uterus and embryo during pregnancy, we hypothesize that SASP factors contribute to successful pregnancy. We discuss how senescent cells may support embryo development and signal parturition. We provide evidences for potential contribution of SASP to the physiology and pathophysiology of pregnancy.
| INTRODUCTION
Human reproduction is a highly elaborate yet well-orchestrated process. From fertilization to parturition, a series of events takes place to facilitate successful pregnancy. 1 Once both male and female gametes combine, fertilization occurs. The fertilized egg then travels through the fallopian tube toward the uterus. As it travels, cell division is initiated to form the mass of sixteen cells called morula. The morula continuously divides and transforms to a blastocyst as it moves further down the uterus. Subsequently, blastocyst adheres and implants to the uterine lining. Success in implantation hinges on multiple signals that ensure synchronized development toward uterine receptivity and blastocyst maturity. 2 As implantation is considered a limiting step in initiating pregnancy, it is crucial to comprehend the mechanisms involved in this event and to identify the factors that may affect the implantation process.
The maternal host supports pregnancy despite having a developing embryo with paternally derived gene products. 3 During gestation, maternal immunity is attuned to safeguard the semi-allogeneic embryo from rejection. 4, 5 Immune tolerance is governed by a network of cytokines that have key roles in implantation, placental development, and parturition. [6] [7] [8] Consequently, an imbalance in the processes liable for immunomodulation results in miscarriages or pregnancy loss. 3 Premature deliveries have increasingly been a problem due to lack of effective interventions. 9, 10 Increased production of proinflammatory cytokines due to infection elevates the risk of preterm births, as it triggers the onset of labor. 11 While infection may be a cause of premature deliveries in humans and may often be mitigated by antibiotics, several preterm births are not associated with pathogens. 11, 12 Hence, the search for other molecular signaling pathways that trigger parturition is very important to help in developing novel methods of preventing preterm labor.
Stress signals such as telomere shortening and excessive DNA damage can cause cells to undergo an essentially irreversible proliferative arrest known as cellular senescence. 13, 14 These senescent cells express several cytokines, chemokines, and growth factors, which are collectively called senescence-associated secretory phenotype (SASP). 15, 16 Several of these secreted factors are also expressed during embryo implantation and parturition. 8 Because senescent cells are found in normal physiologic and pathophysiologic conditions of pregnancy, the SASP may potentially affect successful pregnancy. Here, we review some of these secreted factors which are found during pregnancy and are also expressed by senescent cells. We hypothesize that SASP factors help establish proper embryo implantation during early pregnancy and trigger onset of labor during late pregnancy.
| SECRETED FACTORS DURING EMBRYO IMPLANTATION
The developing embryo communicates with the maternal endometrium via secreted factors to signal its presence. As implantation begins, these factors are expressed in the maternal-fetal interface by both the trophoblast and decidual cells of the uterus to facilitate embryo implantation and development. 8 Secreted factors such as cytokines and growth factors are differentially expressed throughout the gestation period.
Cytokines regulate differentiation of naive T-cells into TH1 or TH2 cells. 17 It is thought that shift in balance from TH1 to TH2 cytokines favors successful pregnancy. 4, 17, 18 Elevated levels of the TH2 cytokines interleukin 6 (IL6) and IL10 are observed in the first trimester of women with normal pregnancy. [19] [20] [21] IL6 is expressed during the implantation window and may have similar and redundant functions as the leukemia inhibitory factor (LIF) protein, 22 ,23 a cytokine important in implantation, decidualization, and placental development.
24-26
In contrast, significant increased levels of the TH1 cytokine tumour necrosis factor (TNFA, also TNFα) are associated with miscarriages in women. 19 While TNFA is implicated in regulating human trophoblast cell invasion, 27 elevated levels of TNFA by uterine endometrium reduce growth and viability of preimplantation stage embryos, 28 leading to first trimester miscarriages in pregnant women. 29 The ratio between TH1 and TH2 seems useful to dictate successful pregnancy.
However, it is still unclear whether altered TH1/TH2 cytokine ratio plays a significant contribution to miscarriages in humans, because women with history of pregnancy loss may also have stable and low levels of TNFA.
4
Other cytokines that play a role in early pregnancy include the macrophage migration inhibitory factor (MIF) and interleukins IL1A
and IL1B (also IL1α and IL1β). MIF is implicated in ovulation, implantation, and embryogenesis. 30 It is detected in human trophoblast and decidua during the first trimester of gestation. 30, 31 It is also found across the menstrual cycle and in early pregnancy, where it is localized in the stromal cells of cycling endometrium, endometrial glands, and decidua. 32 The interleukins IL1A and IL1B are secreted by trophoblast and decidual cells in the first trimester. 33 In mice, uterine expression of IL1A and IL1B is LIF-dependent.
34
Growth factors, such as the hematopoietic growth factors and epidermal growth factor (EGF) family, are also implicated in early pregnancy. Hematopoietic growth factors are typically involved in cell proliferation, survival, and maturation. Several members of this family include colony-stimulating factor 1 (CSF1, also macrophage-CSF or M-CSF), CSF2 (also granulocyte macrophage colony-stimulating factor or GM-CSF), CSF3 (also granulocyte colony-stimulating factor or G-CSF), and the TH2 cytokine IL3. CSF1, CSF2, and CSF3, and IL3
are elevated in pregnant women during the first trimester of gestation. [35] [36] [37] [38] [39] [40] [41] [42] CSF1 and CSF2 may promote proliferation of first trimester extravillous trophoblasts in humans. 42, 43 CSF3 treatment in women with recurring miscarriages increases fetal neutrophil production, improves neonatal outcome, and promotes successful pregnancy.
44-46
Amphiregulin (AREG), an EGF family member, is transiently expressed in syncytiotrophoblast cell layer of chorionic villi during early gestation and may help in paracrine/juxtacrine growth of cytotrophoblasts. 47 In mice, AREG is primarily expressed at implantation sites during early pregnancy and is induced by progesterone. 48 While AREG contributes to trophoblast formation, knockout of the Areg gene in mice does not cause implantation defects. 49 Vascular endothelial growth factor (VEGF), another growth factor, is secreted by the endometrial glandular epithelial cells into the lumen to promote blastocyst implantation. 50, 51 VEGF promotes longevity of the corpus luteum, a temporary endocrine structure that supports embryonic development during pregnancy. 52 In rabbits and rodents, VEGF also contributes to the expansion of endometrial vasculature and to prepare the uterus for blastocyst attachment and invasion. 53 69 On the contrary, overexpression of ICAM1 in amnion leads to preterm labor in women. 70 Overall, significant elevation of secreted factors such as IL6, CXCL8, MIF, CCL2, and ICAM1 can trigger the onset of parturition. 
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